conclusions from the Detroit Project utilizing an innovative "family sets" approach indicated that unspecified environmental factors, rather than genes, are the main determinants of blood pressure variation in blacks and whites. We report new estimates of the fraction of variation in blood pressure associated with genetic differences among individuals obtained under two methodologies: the method originally proposed for family sets and a maximum likelihood method. The family sets estimates of heritability were significant for systolic and diastolic blood pressure in both blacks and whites. Estimates for both the likehhood analysis and family sets method are withln the range of estimates reported in other studies. In the present study all sets collected were included. the sets were stratified only by race and a different estimate of variance for the family sets estimate of heritability was used. The discrepancies between results presented here and the original study are attributed to these three factors.
INTRODUCTION
BLOOD pressure has long been recognized as a unimodally distributed quantitative trait that is an important risk factor for cardiovascular disease. The variability of blood pressure in a population reflects biological diversity among individuals, different environmental experiences (both shared and individual specific), and measurement error. Differences in age, sex and weight also contribute to blood pressure variation. Studies have indicated that clustering of hypertension occurs in families [l] . Familial aggregation of blood pressure levels has been found in studies conducted in populations with very diverse geographic and cultural environments [2] and it is of interest to know whether shared environments and/or shared genes contribute significantly to the familial aggregation of blood pressure.
Various estimates of the fraction of phenotypic variation in blood pressure associated with genetic differences among individuals have been reported [3-S] . The estimates, obtained using different models, different statistical procedures, various genetic relationships among individuals, and diversified cultural backgrounds, are summarized in Table  1 . In every case the genetic variability associated with either diastolic or systolic blood pressure variation was significant. The one exception to this general finding was the study by Harburg et al. [9] designed to separate genetic from environmental effects on blood pressure in blacks and whites living in Detroit, Michigan.
In contrast to other recent studies, the results from Detroit did not indicate that a significant fraction of blood pressure variation is associated with genetic variability.
The conclusion, instead, was that unspecified environmental factors are the main determinants of blood pressure variation in both blacks and whites in this particular study.
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Since 
SAMPLE
The first phase of the Detroit Project consisted of the identification of specific residence areas in Detroit that varied in extremes of high stressor and low stressor conditions, relative to the city as a whole 1151. Rates that reflect economic deprivation, residential instability, family instability, crime, and population density were computed for each of 382 Detroit census tracts using data collected in 1964. It was assumed that such combined rates, at their endpoints, indicated social environments which varied objectively in chronic exposure to stressor events. The rates per census tract were factor analyzed and the 382 tracts were each assigned factor scores for the two emergent factors: socioeconomic status (SES) and instability [16] . Four stress areas in the city were chosen for being in the extreme quartiles of the factor scores. For example, high SES and low instability defined a low stress area and the converse defined a high stress area. Two stress areas (one high and one low) were defined for blacks and two for whites. A stress area designation for family set members living outside the city was determined using a separate coding system based on data from the 1965 Transportation and Land Use Study special 4",, sample of the Standard Metropolitan Statistical Area. Crime rate was not readily available for these township areas, though marital status was. The classification of "high" and "low" stress area used in this analysis is weighted more in terms of SES measures than instability measures for a very small portion (about 3"Q of the total sample who lived outside the city of Detroit.
Sampling of index persons was initiated within each of the four primary stress areas. The index cases were individuals who: (1) resided in these areas; (2) were of a given race; (3) were between 25 and 59 years of age; (4) lived with a spouse; and (5) had siblings and first cousins in the Metropolitan area. This process was carried out in two stages. In Stage I, a door-to-door census was taken in each of the four stress areas to classify potential sample members. The census refusal rate was about 2-3x in each area. Next, each person classified as having the five sample traits already described (potential sample member) was visited by a trained interviewer.
This verification interview rechecked the inclusion criteria of the person and data on relatives. If verified, the person's cooperation was requested and an interview by a nurse was arranged. In Stage II, trained nurses of the same race as the respondent were randomly assigned to interview the randomly selected persons residing in high and low stress areas, changing the area each week for each nurse. The refusal rate was similar across all areas and averaged about 4%.
Briefly, the family sets in this study consisted of an index (I), his or her full sibling (Sib) of either sex closest in age to the index, his or her first cousin (FC) of either sex closest in age to the index, his or her spouse (Sp), and an unrelated person (Un) matched to I for race, age, sex, place of residence, marital status, and having sibs and cousins in the Detroit area. The sib and cousin in a family set provide genetic information, while the spouse and unrelated person serve as "controls" for certain environmental factors [9] . The spouse serves as an "immediate environment" control for the index. They share the same dwelling unit and other factors such as diet and water. The unrelated person serves as a control for other environmental factors outside the dwelling unit but within the same urban, socio-environmental area. Age effects on the trait of interest and temporal trends are minimized by choosing all members of the set from a limited age interval. The final study sample consisted of 229 black sets with 118 male index cases and 111 female index cases and 232 white family sets with 113 male index cases and 119 female index cases. Approximately one-third of all sets had every member residing in a similarly defined stress area.
The variables used in these analyses were systolic and diastolic blood pressures (SBP and DBP), age, sex. race, percent overweight and classification of residence as either in a low or high stress area. SBP was the average of the first three systolic readings taken at 10 min intervals during the first half hour of the interview, and DBP was the average of the first three diastolic (fifth phase) readings. Percent overweight was computed by comparing reported weight with Metropolitan Life Tables [ 171 for weight by sex and height. These data have been extensively described elsewhere [2,9, IO. 188211.
MODEL
The multifactorial determination of an individual's phenotype (P) can be expressed as the linear combination: P = G + E, where P, the deviation of blood pressure from its mean. is partitioned into two components: G, the deviation due to an individual's genotype. and E. is the deviation due to environmental experiences. The total phenotypic variance, f$. is the sum of ci and 0;. Therefore, gi = (T:, the additive genetic variance. In addition, we assumed that there was no assortative mating for the genes which contribute to & We considered an environmental component of variability attributable to effects that could be shared by various members of the family set, a&, and a residual component which includes measurement error as well as environmental effects special to the individual, 0;. Total phenotypic variance may be written:
Three types of shared environments may be defined for these family sets. The first, 2 gCE-House~ defines effects each individual experiences that are associated with the household in which he lives. Since the I and Sp were the only members of the set residing in the same household at the time of the study, no other members of the set share the same household effect. In cross-sectional studies such as this, with no information available on the length of cohabitation or marriage between spouses, the possible effect of sharing a household on spouse resemblance cannot be distinguished from assortative mating of phenotypes 1231. The second variance component, c&,,~~.,, defines environmental effects associated with the area in which an individual lives. Members of the family set who reside in a similar stress area share this effect. The last component defines effects associated with variability in a combination of demographic factors (age, sex, marital status, and family structure). Because of the factors used to match the I and Un in this particular family sets design, we assume that only these two individuals share this component which we denote a&_,,_,,,,, Incorporating these environmental effects into the linear model, the phenotypic variance for each family set member becomes O: + j&E-Hw +
GE. \rs.t + &(l-l II) ; + 4 (2)
The expected covariance between any two set members I' and ,j for the trait when the model is true is: 
The kinship coefficient, $ij, for individuals i and,j is the probability that an allele chosen at random from i is identical by descent with an allele at the same locus chosen at random fromj. 4,j is l/4 for siblings and l/16 for first cousins and l/2 if i = j. Rij, Sij, Tij and Iij are each 1.0 if i = ,j. If i # ,j, Iij is zero. If i # ,j, Rij is 1.0 if i and ,j reside in the same house (i.e. are spouses), Slj is 1.0 if i andj both reside in the same stress area and Tij is 1.0 if i and j have been matched for race, age, sex, marital status and family structure. Otherwise, these three coefficients are zero.
Two different statistical treatments of the data considered were variance components estimation using maximum likelihood methods and heritability estimation using a family sets statistic. The likelihood of the model given the data is obtained by assuming a multivariate normal distribution for the trait among members of the family set. Justification for this assumption is given by Lange [24] . Under this assumption, the likelihood (L) expressed as the natural log of the multivariate normal can be written as:
1251. The elements of the COV matrix are functions of the five variance components given in equation 3 and the genealogical, marital and residence information. Blood pressure values for the members of a family set are represented by the vector X, while p is the mean vector for all individuals in this study of the same race. Estimates of the mean and five variance components are taken to be those values which maximize L. Detailed descriptions of Fisher's scoring algorithm, and the iteration procedure used to obtain these maximum likelihood estimates and their standard errors are given elsewhere [12, 141. Hypothesis testing is based on the likelihood ratio criterion where -2 times the difference in In likelihoods between a reduced model with one or more components set equal to zero and a complete model, approximates a chi-square distribution when the reduced hypothesis is true, with degrees of freedom equal to the difference in the number of independent variables in the two models. While the likelihood ratio method provides no way of testing the goodness of fit of the data to the best fitting model, it does allow the comparison of different reduced models to a complete model. One of the statistical models developed for data from a family sets design assumes that the effects of alleles are only additive. The estimator for &r$ which is referred to as the heritability
[lo] and denoted by h2, is
where S2(X, -XSih) and S2(X, -Xi.,.) are the variances of the differences in values between the I and Sib and the I and FC, respectively. S2(X,) represents the average variance in the trait for the I, Sib, FC and Un. The contributions of shared environmental experiences among index, sibling and cousin to the estimate of additive genetic variance are expected to be minimized under this model [lo] . The variance for the estimate of h2 is
where N is the number of family sets [26] . This estimate is used to test the hypothesis that h2 is equal to zero.
ADJUSTMENT OF THE DATA
In the previous analysis of these data, age, sex, race, body size and area of residence were found to be associated with blood pressure levels [20] . We chose to eliminate these sources of variability before estimation of variance components and heritability. The familial aggregation for both age and body size in these data that is confounded with aggregation for blood pressure was removed. The adjustment for area of residence reduces the effect of unequal representation of the various stress areas within and between family sets in each race. Failure to adjust for this effect might bias the estimates of both genetic and environmental components.
Within each race, sex and stress area group, multiple linear regression was used to adjust SBP and DBP separately for the effects of age and percent overweight. The residuals within each of the eight groups were then standardized to remove the significant heterogeneity in variance. Finally, to meet the distributional assumptions of the model, standardized residuals were normalized within each race group using the inverse rank normal transformation which assigns to each observation that standard normal deviate having the same accumulated probability the observation has, based on the empiric distribution of that variable. After these adjustments, neither SBP nor DBP for any of the five groups of family set member types within races differed significantly from a normal distribution with a mean of zero and standard deviation of 1.0. While normality is an assumption of the model, results from previous studies of cholesterol are similar with both normal and non-normal distributions [ 143.
RESULTS
The proportion of variation in SBP and DBP accounted for by variability in age and percent overweight in each race, sex and stress group was highly significant and is reported in Table 2 , along with means and standard deviations of the original SBP. DBP measures, age and percent overweight. While not shown in the table, the proportion of variation accounted for by age was slightly higher than that accounted for by percent overweight in SBP when the two independent variables were considered separately; while in DBP, age accounted for slightly less variation. There was evidence for significant familial aggregation in the adjusted data. We rejected at the 5"/: level of significance the hypothesis that the within sibship mean levels of blood pressure were equal among the family sets in both blacks and whites for DBP and whites only for SBP. We also rejected Table 3 for SBP and Table 4 for DBP. Estimates are given for both the complete model, which assumes one genetic and three common environmental components, and for several reduced models. Each reduced model represents the null hypothesis that the true value of any parameter omitted is zero. Reduced Model A assumes a genetic and residual environmental component for variability and omits the three common environmental components. Reduced Model B assumes no additive genetic component of variability. In addition to reduced Models A and B, there are 12 other reduced models that could be considered. The Model C in Tables 3 and 4 represents the choice among all 14 reduced models.that has the fewest components and explains the Tables 3 and 4. For the black family sets, we reject the hypotheses that either shared genes or shared environments, as defined by this model, contribute significantly to the explanation of variation in SBP. The In likelihood of the complete model is not significantly higher than the In likelihoods for reduced Models A, B or C as judged by the chi-square values. For SBP in whites, the chi-squares obtained from all contrasts with the complete model suggest that the genetic and some of the common environmental components of variance are non-zero. Model C with additive genetic and shared household components is the reduced model that fits the data as well as the complete model. A reduced model, not presented in Table 3 , with all components except the residual component set equal to zero was rejected as explaining the data. For DBP in blacks, the model with additive effects of genes and the residual component contributing significantly to familial aggregation of DBP was the best fitting reduced model. Therefore Model A and Model C are the same model for these sets. None of the shared environmental components, as defined in this model, contribute significantly. In contrast, for DBP among whites, the reduced Model C with common household and residual components is judged, statistically, to explain the data about as well as the complete model based on the chi-square value. For both blacks and whites, the hypothesis that all components except the residual component are zero was rejected. In summary, the data from white family sets support the hypothesis that additive polygenes and variability in environmental experiences shared by spouses living in the same household are associated with variability in SBP, and that only the household shared environment is associated with variability in DBP. The data from black family sets support the hypothesis that variability in additive polygenes is associated with variability in DBP but that variability in SBP is not associated with any of the shared components defined in these models. The estimates of heritability based on the family sets estimator are given in Table 5 using notation that is similar to that presented in Tables 3 through 6 in Chakraborty rt 01. [IO] . S$ is the variance for family set members where Y is the I, Sib, FC or Un. The difference between the two variances, S2 (X, -X,,) and S' (X, -XSib), is "d" in Table 5 . The estimates of 11' and their standard errors were computed using equations 5 and 6 above. All of the estimates of 11' are significantly greater than zero and rank among themselves from highest to lowest similarly to the estimates of the additive components (Model A) in Tables 3 and 4 . The estimate of h2 for DBP in blacks is highest while the estimate of 11~ for SBP in blacks is the lowest. Since the data have been standardized within races with a mean of zero and variance of 1.0. and both models have the assumption of only additive alleles, for these data /I' and g; should be estimates of the same source of variability.
For SBP and DBP in both blacks and whites the estimates from the family sets estimator are higher than the corresponding estimates from the variance components model. In summary, the family sets estimators support the hypothesis that genetic differences among individuals are associated with variability in SBP and DBP in both blacks and whites.
In addition to the analyses reported above, we performed a small simulation experiment to directly compare the maximum likelihood method to the family sets method of estimation when the true heritability was known. Standard normal deviates were generated for each member of 231 family sets. The results of analyzing 20 replications of this experiment using the likelihood and family sets methods are in Table 6 . Our expectation was that the estimates of both 02 and 11' would be 0.0. The mean of the estimates of 11' from the family sets method was 0.021 ? 0.281 while the mean of the estimates from the likelihood approach (assuming Model A described earlier) was -0.021 + 0.143. With a true heritability of 0.0 and no correlated environments, neither estimate is biased, but the estimates from the family sets method were substantially more variable than those using the likelihood approach.
DISCUSSION
The conclusions from the two different statistical treatments of these data are consistent in spite of different statistical properties of the two approaches [27] . Estimates of the genetic component of blood pressure variability from both the likelihood analysis and family sets method are within the range of estimates presented in Table 1 for other studies. However, the family sets estimates were higher than the maximum likelihood estimates for both SBP and DBP in blacks and whites. There are a number of possible reasons for this difference. The family sets method may give biased estimates of heritability under certain conditions. Rodriquez et nl.
[28] performed a large Monte Carlo simulation study that compared the family sets approach to other conventional estimators, including the regression of the index on the midparent value and the index-sib correlation.
With a true heritability of 1.0, both the family sets estimator and the others were unbiased, but the standard deviation of the estimates using the family sets approach was more than twice that of the other two estimators.
With a heritability of 0.32 and both dominance and correlated environments, only the estimator based on the regression of the index on the midparent value was unbiased. The standard deviation of the estimates from the family sets approach was again substantially larger than that of the other two estimators.
In our single experiment, with a true heritability of 0.0, estimates obtained using the family sets approach had a larger standard deviation than those obtained using the maximum likelihood method. Finally, any non-additive genetic factors and/or environmental factors that increase sib covariability compared to the covariability between the index and cousin will increase the estimate of heritability. Reanalysis of the data collected in Detroit supports the hypothesis that variability in genes among individuals is associated with blood pressure variability. The differences between blacks and whites in the strength of the association of genetic and environmental factors with variability in blood pressure are consistent with other reported racial differences. Studies of children have found racial differences in sympathomimetic and hormonal influences on blood pressure levels [29] . Studies of adults have found that while blacks and whites may ingest similar quantities of sodium, blacks ingest lower levels of dietary potassium [30] . In addition to diversity in diets, there is evidence for racial differences in sodium handling and renin response to sodium loading [31] . It is reasonable to conclude that differences in both environmental experiences and metabolic control of blood pressure between blacks and whites are probably reflected in the fit of different models to SBP and DBP variability in this study. The reported strength of aggregation in spouses' blood pressure has varied among studies [19] . Annest et al. [S] and Krieger et al. [S] recently reported positive correlations while Morton et al. [6] found no significant positive correlation between spouses. Spouse similarity may be influenced by both length of cohabitation and assortative mating for phenotypes [23] . The results from our study suggest that environmental factors shared by spouses are associated with blood pressure variability in whites. In Detroit, the mean ages of indexes eligible for inclusion in the study and their spouses were similar for both blacks and whites in high stress areas. However. in the low stress areas, the white indexes and spouses were, on average, 4 years older than the black indexes and spouses. The statistics on separations and divorces from the 1965 survey of Detroit [9] suggest that marriage stability is equal for blacks and whites who reside in low stress areas but is substantially different for blacks and whites in high stress areas. For every separation or divorce in whites in the high stress areas there were approximately 4 separations or divorces in the blacks in high stress areas. While data were not collected, we can infer, based on the mean ages and indicators of marital stability, that on average the white spouses have lived together longer than the black spouses. Neither the shared stress area nor shared common environment between index and unrelated individual contributed to the aggregation of blood pressure levels. This confirms that the regression analyses successfully removed aggregation between individuals in a set due to similarity in race, age, sex, body size and residential stress area. There are several explanations for the different conclusions reached in the reanalysis of these data compared to the conclusions reached in the original study [lo] . Since the original study, a new estimator for the variance of h2 has been derived by Chakraborty [26] . This new estimator reduces the standard error of h2 approximately three-fold. With this new estimator, the original estimates for the heritability of SBP and DBP based on the unadjusted measurements for both blacks and whites with the index living in a low stress area [lo] would be judged significantly different from zero. Instead, the null hypothesis was accepted [lo] .
The major departure in these analyses from the original analysis is the stratification of the data. In the analyses reported here, variability due to stress area was removed by regression techniques rather than used to stratify samples of family sets. A justification for this was based on the fact that only one-third of all sets had all members residing in a similar stress area. We also included in the same sample, family sets with index cases of different sexes. We did not exclude any family sets from our analyses. In the original study, 36 family sets where one or more individuals had extreme blood pressure levels were excluded. Our sample sizes were 229 sets for blacks and 232 sets for whites. Using the most recently derived estimator of variance which is given in equation 6. any estimate greater than 0.31 would have been judged significantly different from zero in a sample of 230 sets. In the original study, Chakraborty rt ul.
[lo] excluded 36 sets and then stratified by stress area and by sex of the index case. Sample sizes ranged from 65 to 117 sets. Samples of these sizes would require estimates of h2 of at least 0.5 or 0.6 (for 117 and 65 sets, respectively) to reject the null hypothesis that heritability was zero. While simulation studies show that family sets estimators may give biased estimates under certain conditions [28] . the design itself provides both genetic and environmental contrasts not always found in other designs such as twins or pairs of relatives 132, 331. The feasibility of assembling family sets has been demonstrated by several other researchers. Rodriquez 1341 assembled all available index-sib-cousin trios from approximately 4000 children who were surveyed in Bogalusa, Louisiana [35] . Therefore. in a sample of school children collected prior to a decision to study familial aggregation, almost l/4 of the children were in the 327 sets assembled. Gilroy et al. 1361 studied 43 family sets to estimate genetic control of glycolysis in human erythrocytes. Schork et (11. [37] have been studying familial aggregation of reported alcohol use in 485 family sets of various sizes identified from the Tecumseh Study. With multiple methods of estimation available and the feasibility of obtaining sets verified in several studies, this approach can provide an alternative sampling frame to supplement other approaches to the analysis of familial aggregation.
In reference to the Detroit Project, Feinleib and Garrison 1381 have reported: "We do not have any cogent explanation for why this study should differ so strikingly from all other studies summarized previously." The reanalyses reported here of the data from Detroit using larger numbers of family sets lead to different conclusions than the original analyses of blood pressure variability, and the new conclusions are consistent with previously reported studies. This reanalysis affirms the usefulness of the family sets approach to understanding the relative roles of genetic and environmental variability in the distribution of quantitative traits.
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